Objective. Bracket bonding has been a major advance in orthodontic treatment. However, the method of debonding can lead to diverse problems such as enamel fractures, enamel loss and enamel scratching. In this clinical investigation we aimed to evaluate the influence of wearing dental loupes on enamel damage during the debonding procedure. Material and Methods. 22 consecutive patients were randomly assigned in a split-mouth study to evaluate adhesive removal with and without the use of dental loupes (2.5×, LED headlight). Tooth replicas in epoxy resin were made from silicone impressions. Electron microscopic images (50× magnification) of 394 buccal enamel surfaces were evaluated according to an enamel damage index (EDI), line angle grooves (LAG) and composite residues (CR) on anterior teeth, premolars and molars. Results. The EDI revealed highly significant advantages for debonding with dental loupes, with which the EDI was significantly higher for molars, while still less than without dental loupes. We detected no differences between the tooth groups without dental loupes. We found significantly fewer LAG on anterior teeth debonded with dental loupes. CR were fewer in the dental loupes group, and we noted no significant differences between the tooth groups. Conclusions. Dental loupes affect the quality of the debonding procedure, resulting in less enamel damage and composite residue, as well as fewer LAG compared to the control group. We therefore strongly recommend the use of dental loupes in orthodontic debonding procedures. 
Introduction
Dental loupes are widely used in dentistry. Advantages in work ergonomics [4, 8, 9, 10, 18, 20] and precision [8, 17] have been reported. Dental loupes are even mandatory in endodontic specialty training in the US [10] ; students should master their use as early as possible within the curriculum [18] . Dental loupes also offer eye protection. The majority of ocular traumata suffered by orthodontists occur while debonding and trimming acrylic [27] .
However, studies on the efficiency of dental loupes in orthodontics treatment have not been reported in the literature. Whereas many aspects of orthodontic treatment rely on a good view of one or both dental arches at a time, some, such as bracket placement or adhesive removal after debonding, might profit from enhanced visual control by magnifying loupes.
The bonding of brackets was undoubtedly a major contributor to advances in orthodontic technology in the last century. However, new challenges arose in bracket removal and adhesive clean-up. Various adhesive-removal techniques have been investigated to assess the amount of enamel loss [1, 2, 13, 31] , and values between 7 µm and 170 µm reported, with most values ranging between 20 µm and 50 µm. Compared to enamel thicknesses of 1500-2000 µm [30] , this loss does not seem problematic. However, the outer enamel layer is harder and more densely mineralized [22] . This surface layer has a thickness of approximately 20 µm [22] and is removed or reduced during adhesive removal. It therefore seems prudent to reinforce the enamel by applying fluoride after debonding.
In addition to enamel loss, composite residues and surface damage represent two further potential problems. Several studies have reported composite residues [12, 23, 33] , and it seems difficult to ensure removal of all composite in a daily clinical environment [3, 5] . Surface damage has been considered in combination with various adhesive removal protocols using burs, discs, cups, slurry of different materials and sequences, as well as air-powder abrasive devices [11] , lasers [29] , ultrasonic techniques [16] and intraoral sandblasting [15] . Most authors agree that any remaining adhesive is best removed with a tungsten-carbide bur [7, 12, 23, 32, 33] . Discs [24, 33] , polishing slurry [1, 33] , rubber prophy points and fiberreinforced resin burs [24] have been successfully employed for subsequent polishing.
In contrast to an earlier investigation [19] reporting that enamel defects after adhesive removal were reduced by normal wear, no such changes were observed in a recent study using scanning electron microscopy (SEM) [26] . Brown and Way [2] observed less loss of enamel in clinical debonding than in vitro, since the superior vision (due to illumination and better drying) in the in-vitro set-up lead to more thorough (and probably more destructive) cleaning.
It was the aim of this study to investigate the effect of wearing dental loupes on iatrogenic damage to the enamel in the form of surface defects, line angle grooves and the presence of composite residues.
Material and methods
After obtaining approval of our study protocol from the Ethics Committee of the Public Health Administration Canton of Zurich (StV No. 07/05), 22 consecutive patients (13 females, nine males; Einleitung Dentale Lupenbrillen werden in der Zahnmedizin weitverbreitet eingesetzt. Vorteile bezüglich Arbeitsergonomie [4, 8, 9, 10, 18, 20] und Präzision [8, 17] wurden diskutiert. Dentale Lupenbrillen sind im Endodontie-Spezialisierungsprogramm in den USA obligatorisch [10] , und die Studenten werden von Beginn an zur Verwendung dentaler Lupenbrillen angehalten [18] . Lupenbrillen schützen zudem die Augen. Die Mehrheit der Augenverletzungen bei Kieferorthopäden erfolgt während Debonding und Beschleifen von Kunststoffen [27] .
Studien zur Effizienz der Verwendung von Lupenbrillen in der orthodontischen Behandlung liegen nicht vor. Während in der Kieferorthopädie viele Arbeiten von einer guten gleichzeitigen Über-sicht über beide Zahnbögen abhängen, könnten Lupenbrillen für Arbeiten wie Bracketplatzierung oder Kunststoffentfernung nach Debonding vorteilhaft sein.
Die Bracket-Klebetechniken stellten in der kieferorthopädischen Behandlung im letzten Jahrhundert zweifelsfrei einen großen Durchbruch dar; allerdings entstanden neue Probleme bei der Entfernung der Brackets und des Restadhäsivs. Es wurden unterschiedliche Methoden zur Adhäsiv-Restentfernung untersucht, wobei für den Schmelzverlust Werte zwischen 7 und 170 µm bei mittleren Werten von 20-50 µm gefunden wurden [1, 2, 13, 31] . Im Vergleich zur Schmelzdicke von 1500-2000 µm [30] scheint dies unproblematisch. Allerdings weist die äußere Schmelzschicht eine bessere Mineralisierungsstruktur auf [22] . Diese oberflächliche Schicht hat eine Dicke von ca. 20 µm und wird während der Adhäsiv-Restentfernung reduziert, oder eliminiert [22] . Deshalb scheint es sinnvoll, den Schmelz nach Debonding mit Fluoriden zu behandeln.
Neben dem Schmelzverlust stellen Kompositreste und Schmelzschäden zwei weitere potenzielle Problemfelder dar. Kompositreste nach Debonding wurden in verschiedenen Studien [12, 23, 33] dokumentiert. Es scheint in der täglichen klinischen Arbeit schwierig zu sein, sämtliche Kompositreste zuverlässig zu entfernen [3, 5] . Bezüglich Schmelzschäden wurden in verschiedenen Untersuchungen unterschiedliche Adhäsiv-Restentfernungsmethoden mit Bohrern, Disks, Näpfchen, unterschiedlichen Pasten sowie Air-Abrasion [11] , Laser [29] , Ultraschall [16] und intraoralem Sandstrahlen [15] untersucht. Die meisten Autoren kamen überein, dass die Adhäsiv-Restentfernung am besten mit Wolfram-Karbidbohrern vorgenommen werden sollte [7, 12, 23, 32, 33] . Für die anschließen-de Politur wurden Disks [24, 33] , Polierpasten [1, 33] , Gummispitzen oder faserverstärkte Kunststoffbohrer [24] empfohlen.
Die Resultate einer früheren Studie [19] , die zum Schluss kam, dass sich Schmelzdefekte nach Adhäsiv-Restentfernung mit der Zeit durch normale Abnutzung verringern, konnten in einer neueren REM-Untersuchung nicht bestätigt werden [26] . Braun u. Way [2] stellten zudem fest, dass bei alltäglichem Debonding in der Klinik weniger Schmelzverluste gefunden wurden als im In-vitro-Versuch, weil dort die verbesserten Sichtverhältnisse, aufgrund besserer Beleuchtung und Darstellung durch Trocknung der Zähne, eine gründlichere (aber wahrscheinlich auch destruktivere) Adhäsiv-Restentfernung ermöglichen.
Ziel der vorliegenden Studie war, die Auswirkung des Tragens von dentalen Lupenbrillen auf iatrogene Schäden am Schmelz in Baumann DF et al. Lupenbrille bei orthodontischem Debonding mean age 16.9 ± 3.0 years; maximum 27.6 years, minimum 14.0 years) resulting in a total of 394 teeth were included in this study. Teeth with rebonded brackets (n=26) were excluded from our study cohort, as were teeth with buccal caries, demineralization or fillings. We used a split-mouth design in which one quadrant of each jaw was randomly assigned to either the loupes or control group, with the contralateral quadrant assigned vice versa. All patients were debonded by the same orthodontist (mean treatment time 2.2 ± 0.8 years; maximum 3.6 years, minimum 0.6 years).
The dental loupes used were a SwissLoupe TP-710 (SandyGrendel®, Aarburg, Switzerland) with a 2.5× magnification, a working distance of 350 mm, and an additional LED headlight (SandyGrendel®, Aarburg, Switzerland).
Total time for debonding, adhesive removal and polishing was restricted to 45 min. A dental assistant worked together with the operator. The brackets (SPEED System™; Strite Industries, Cambridge, Ontario, Canada) were carefully removed from incisors, cuspids, premolars and molars with sharp debonding pliers (HuFriedy 678-104, Chicago, IL, USA). A tungsten-carbide bur (H 379AGK FG; Komet−Brasseler GmbH, Lemgo, Germany) was used for initial adhesive removal at 40,000 revolutions per minute and air cooling. A new bur was used for each patient. An ultrasound instrument and sodium-bicarbonate air-powder abrasive device (AirFlow® S2 with the Piezon® scaling instrument type A and the AirFlow® Powder Classic S2; EMS, Nyon, Switzerland) with 70% power and at a 50% liquid setting were used to clean the cervical and interproximal enamel. We used silicone polishers (ABBA® Universal Polisher pre-polisher black; KerrHawe SA, Bioggio, Switzerland) with water cooling and slurry (Hawe Cleanic with fluoride; KerrHawe SA, Bioggio, Switzerland) with a screw-type cup (hard rubber white 1802/30; KerrHawe SA, Bioggio, Switzerland) to polish.
Dental impressions were taken twice with an A-Silicone (Bisico® S1, Bisico® S4; Bielefelder Dentalsilicone, Bielefeld, Germany) in a two-step application. Epoxy resin models were made (Stycast® 1266; Emerson and Cuming, Westerlo, Belgium). The tooth replicas were sprayed with gold (SCD 030; Balzers Union, Balzers, Liechtenstein) for 80 s at 0.08 mbar and 40 mA, resulting in a gold layer of approximately 200 Å. Electron microscopic images were taken (TES-CAN VEGA TS 5136 XM, Cranberry, PA, USA) at a magnification of 50×, and 20 kV.
The blinded images were evaluated twice by one examiner at a time interval of 2 weeks. In the case of divergent results from the two assessments, a third evaluation was made using the original epoxy replicas and an optical binocular at a 50× magnification (M7; Wild AG, Heerbrugg, Switzerland). The third evaluation determined the classification. Evaluation included a modified enamel damage index [14] (EDI): 0: smooth surface, perikymata may be visible; 1: acceptable surface, fine, scattered scratches; 2: surface with coarse scratches or gouges ( Figure 1 ). Line angle grooves (LAG) were noted including their location on the mesial or distal interproximal side ( Figure 2 ). The presence of any composite residues (CR) was also recorded (Figure 3 ).
For the statistical analysis, EDI scores 1 and 2 (damage to the enamel surface) were combined and compared to the EDI 0 scores Form von Oberflächendefekten und "Line-Angle"-Rillen sowie auf Kompositreste hin zu untersuchen. (no damage) since only seven teeth in the control group and four in the loupes group had an EDI score of 1. Due to the paucity of LAG, mesial and distal LAG were also combined. χ 2 and Fisher´s exact tests were calculated using SPSS® version 16.0 (SPSS, Chicago, IL, USA). The levels of significance were set at p≤0.05 (*), 0.01 (**) and 0.001 (***).
Material und Methodik

Results
Our results are summarized in Table 1 -5, illustrating EDI, LAG and CR.
The EDI scores 0, 1 and 2 scores (p<0.0001) differed significantly in their distribution between the dental loupes and control groups (Table 1) . We noted no significant differences (p=0.08) in enamel damage in the control group, but the molars in the dental loupes group revealed significantly more enamel damage (p=0.012) ( Table  2) .
LAG revealed similar results when comparing the control to the dental loupes group (p=0.13) ( Table 3) . We observed significantly fewer LAG in anterior teeth in the dental loupes group than in the control group's anterior teeth (p=0.03). There were also fewer LAG Die Verteilung der Schmelzschäden war für die EDI-Werte 0 sowie 1 und 2 (p <0,0001) signifikant unterschiedlich im Vergleich der Lupenbrillen-mit der Kontrollgruppe (Tabelle 1). Im Hinblick auf die unterschiedlichen Zahngruppen (Tabelle 2) konnten für die Kontrollgruppe keine statistisch signifikanten Unterschiede (p = 0,08) gefunden werden, allerdings ergaben sich für die Molaren in der Lupenbrillengruppe signifikant mehr Schäden (p = 0,012).
Für "Line-Angle"-Rillen wurden ähnliche Werte für Kontrollund Lupenbrillengruppe gefunden (p=0,13) (Tabelle 3). Auf Frontzähnen der Lupenbrillengruppe traten signifikant seltener "LineAngle"-Rillen auf als auf Frontzähnen der Kontrollgruppe (p = 0,03). Zudem traten "Line-Angle"-Rillen auf Frontzähnen der Lupenbrillengruppe signifikant seltener auf als auf Prämolaren (p = 0,007) und Molaren (p = 0,004) der Lupenbrillengruppe (Tabelle 4). Table 1 . Enamel damage index (EDI) on teeth debonded with dental loupes (DL) and without dental loupes (Control). Highly significant differences between the DL and the control group were found for EDI 0 and EDI 1+2 in premolars (p=0.007) and molars (p=0.004) in the dental loupes group than in the control group's respective teeth (Table 4) . Composite residues were significantly more frequent (p=0.003) in the control group (Table 5 ). The distribution among the teeth did not differ significantly in the control group (p=0.13) or dental loupes group (p=0.74).
Discussion
Enamel can be damaged from the bracket-bonding procedure to adhesive removal. Research has focused on the materials used for adhesive removal since the first study in 1971 [21] . According to many studies cited in our introduction, tungsten-carbide burs are recommended for adhesive removal rather than diamond burs or grinding stones. However, to our knowledge, other aspects potentially affecting adhesive removal-such as differences between orthodontists, or optimizing visual perception by dental loupeshave rarely been investigated. We identified just one study [26] addressing inter-orthodontist differences. Amazingly, but not surprisingly, the same orthodontist scored the best and worst results, indicating that paying close attention could be the most important factor in quality control.
The control group's EDI 1 and 2 scores differed by more than 100% compared to the EDI scores of the dental loupes group, indicating greater damage to the enamel. As meticulousness might be a major factor in the quality of adhesive removal, we cannot exclude the possibility of an unconscious bias-namely, that an orthodontist may unconsciously take greater care when working with dental loupes. However, a blinded study protocol is not possible.
Kompositreste wurden in der Kontrollgruppe signifikant häufi-ger (p = 0,003) gefunden als in der Lupenbrillengruppe (Tabelle 5). Die Verteilung auf die Zahngruppen war weder für die Kontrollgruppe (p = 0.13) noch für die Lupenbrillengruppe (p = 0,74) signifikant unterschiedlich.
Diskussion
Schmelzschäden können über den gesamten Prozess vom Bracketbonding bis zur Adhäsiv-Restentfernung entstehen. Seit der ersten Untersuchung im Jahre 1971 [21] The origin of LAG is not clear. It can be compared to the ripples formed on hard surfaces by milling machines, also known as scoring [6] . LAG may also be due to a prolonged procedure or irregular pressure of the bur at the line angles when the direction of the bur's movement is changed. In contrast to the aforementioned defects reflected in the EDI, we detected no significant difference in the quality of adhesive removal in terms of LAG between the two study groups except for the anterior teeth. The anterior teeth were also those least affected in this study. This may be due to better vision and a tooth morphology facilitating adhesive removal. The broad and relatively straight anterior teeth are probably less prone to LAG. The low frequency of LAG and equal distribution between the control and dental loupes groups reveals that the orthodontist performed extremely careful debonding in both groups. If the main factor for the differences in EDI is the orthodontist's meticulousness, this should also be revealed in how the LAG is distributed. However, incorrect bur positions leading to pronounced LAG might have been visible without magnification, whereas smaller errors leading only to scratches were detected and corrected under magnification. Compared to an earlier investigation [26] , our results with loupes were favorable with no cervical grooves and many fewer LAG. According to the preference of the orthodontist the H 379AGK FG tungsten-carbide bur with a slightly tapered shape, rounded tip and eight twisted blades specially developed for orthodontic debonding was used. This bur was proven to be less aggressive in morphological evaluations of teeth after adhesive removal [25] . Its hybrid shapebetween a classical straight finishing bur for buccal adhesive removal and an egg-shaped lingual finishing bur, as well as the rounded, blunt tip-may have effectively inhibited cervical groove formation. The small bracket bases of the bracket system used in this investigation may also have contributed to fewer LAG, as there was probably need to remove adhesive from interproximal areas susceptible to LAG. Ultrasonic and air-powder devices not usually recommended for adhesive removal due to increased chair time [28] were used as a supplementary tool for interdental and cervical cleaning. This may have lessened the tendency to remove staining with the carbide bur rather than composite in those areas, and thus Die Ursache der "Line-Angle"-Rillen ist nicht geklärt. "LineAngle"-Rillen könnten mit Riefenbildung auf harten Oberflächen durch Schleifmaschinen verglichen werden, die unter dem Begriff Scoring [6] Table 3 . Line angle grooves (LAG) on mesial (mes) and distal (dis) surfaces debonded with dental loupes (DL) and without dental loupes (Control). No significant differences were found Tabelle 3. "Line-Angle"-Rillen (LAG) an mesialen (mes) und distalen (dis) Zahnflächen nach Debonding mit Lupenbrille (DL) und ohne (Control). Es wurden keine signifikanten Unterschiede gefunden have contributed to the lack of cervical grooves and lower frequency of LAG. Debonding via air cooling rather than water cooling for better visual control may also have improved the quality of adhesive removal. We observed only minor differences among the three arch segments. The fact that the anterior segment in EDI, LAG and CR achieved better results, and the lower scores among all the tooth groups in the dental loupes cohort, where consistent with improved quality by enhanced visual control. This concurs with results from an earlier study in which more defects were detected on the posterior than anterior teeth [26] .
Careful adhesive removal and efficient methods of restoring the enamel surface as much as possible to its pretreatment state is essential. Our results demonstrate that working with magnification and better illumination results in less severe enamel damage and fewer composite remnants on the enamel surfaces.
Conclusions
Enamel damage on tooth surfaces during adhesive removal was
considerably reduced by the wearing of dental loupes. 2. Composite residues were significantly reduced when dental loupes had been worn during adhesive removal. 3. We recommend that dental loupes be worn routinely when removing the adhesive after bracket debonding. 
